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Renal function after release of chronic unilateral hydronephrosis
in man. Differential renal function studies performed on ten
patients after release of unilateral hydronephrosis revealed that
the previously obstructed kidney exhibits abnormalities in a
number of physiological indexes. Many of the obstructed kidneys
had an impairment of glomerular filtration rate, concentrating
ability, acidification, sodium reabsorption and tubular maximal
secretion of para-aminohippurate with normal urinary dilu-
tion. Despite impairment of sodium and water reabsorption,
none of these patients, nor 20 additional patients, had a signi-
ficant postobstructive diuresis from the previously obstructed
kidney. All of the patients had normal total renal function.
Thus, the changes observed were a result of the obstructive in-
jury and were not related to azotemia or aberrations in water or
sodium metabolism.
Fonction rénale après Ia correction d'une hydronephrose unila-
térale chronique chez l'homme. L'étude des fonctions rénales
séparées a été réalisée chez dix malades après correction d'une
hydronéphrose unilatérale. Elle a montré que le rein préalable-
ment obstrué a des anomalies de divers paramètres physiologi-
ques. Plusieurs de ces reins obstrués ont une alteration de la
filtration glomérulaire, du pouvoir de concentration et d'acidi-
fication, de la reabsorption du sodium, de la secretion tubulaire
maximale du para-amino-hippurate. La fonction de dilution est
normale. Malgré l'altCration de la reabsorption de l'eau et du
sodium aucun de ces malade n'a eu de diurèse importante par le
rein préalablement obstruè. Tous les malades avaient une fonc-
tion rénale globale normale. Ainsi, les modifications observées
sont secondaires aux lesions induites par l'obstruction et non
liées a l'azotémie ou aux modifications du métabolisme de l'eau
et du sodium.
The clinical literature is replete with studies of renal
function following the release of bilateral ureteral ob-
struction. These investigations have been conducted in
pediatric patients with congenital abnormalities [1—3]
and in men with prostatic obstruction [4—7]. There are
also occasional studies of renal function after the cor-
rection of partial, unilateral ureteral obstruction [4, 5,
8, 9]. The results of these studies are not comparable
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completely but it is the consensus that the postob-
structed kidney exhibits reduced glomerular filtration
rate (GFR), renal blood flow, concentrating ability,
hydrogen ion clearance and phosphate excretion.
Sodium reabsorption is impaired mildly, and urinary
diluting ability is not affected. Similar impairments of
renal function have been demonstrated after chronic
unilateral ureteral obstruction in experimental ani-
mals [10—13, 35].
Since the results of previous investigations [1—18]
have been inconsistent and also because most of them
have been done in experimental animals or in patients
with bilateral ureteral obstruction, we felt that a study
of renal function after the surgical correction of uni-
lateral ureteral-pelvic junction obstruction would be
informative. The unilaterally obstructed patient with
normal total renal function is in a state of normal fluid
and electrolyte balance. Therefore, such a patient rep-
resents a better model for studying the effect of ob-
struction per se on nephron function than does the
volume-expanded, azotemic bilaterally obstructed in-
dividual. This paper outlines our findings on ten such
patients.
Methods
Ten patients with culture-proven sterile urine were
evaluated approximately one week after surgical repair
of a unilateral, ureteral or ureteral-pelvic junction ob-
struction. At the time of study, there was neither hema-
tuna nor extravasation of urine from the suture lines.
Voided urine was collected from the control kidney,
and pelvic urine from the obstructed kidney was trans-
ported through a nephrostomy tube. Urine from the
previously obstructed kidney was excluded from the
bladder by an indwelling ureteral splint. Leakage
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Table 1. Clinical information concerning patients°
Patient No. Age, yr Site of
obstruction
Cause Duration of
symptoms
Severity
.
1 38 U—P junction Congenital 2—3 yr Moderate
2 22 U—P junction Congenital 2—3 weeks Severe
3 31 Midureter Adhesions 2 days Moderate
4 9 U—P junction Congenital 2—3 weeks Moderate
5 22 U—P junction Congenital 6 months Moderate
6 7 U—P junction Congenital 1 yr Severe
7 30 U—P junction Congenital 2—3 yr Moderate
8 16 Upper ureter Stricture 14 months Moderate
9 36 U—P junction Congenital 1 yr Moderate
10 27 Lower ureter Adhesions 1 yr Moderate
a U—P = ureteral pelVic.
around the splint was assumed to be negligible, al-
though it was not quantified in each patient.
The degree of injury, for purposes of classification in
Table 1, was judged from the degree of obstruction on
the i.v. urograms. A rating of" severe" was given when
there was marked dilation of the renal pelvis and
marked caliectasis. A rating of "moderate" was given
when there was a lesser degree of dilation and cali-
ectasis.
On the first day of study, seven patients were given a
priming dose of 250 U of vasopressin, 25 g of manni-
tol, 100 mg of para-aminohippurate (PAH)/kg and
50 mg of inulin/kg. A sustaining infusion of one-third
normal saline with 1 1iU of vasopressin/mI, 40 mg of
PAH/ml, 25 mg of mannitol/ml and 12.5 mg of inulin/
ml was then infused at 2 mI/mm. The urine was col-
lected from the bladder and the nephrostomy tube dur-
ing at least three successive clearance periods of at least
15 mm. Blood samples were drawn at the midpoint of
each clearance period.
On the following morning, these patients received
25 mg ofdesoxycorticosterone acetate (DOCA) i.m.
On the third day, these seven patients ingested 1,000
to 1,500 ml of water prior to the infusion of 5%
glucose and water with 12.5 mg/ml of inulin at 4 ml!
mi The urine was collected as just outlined.
Three additional patients were initially given 25 mg
of DOCA i.m., and on the following day, studies with
a water load, as just described, were initially done
following which vasopressin was given and concentrat-
ing determinations were obtained.
Following the split function studies in six patients,
Table 2. Summary of maximal urine concentration studies during infusion of inulin, ADH, mannitol and 1/3 norml saline (use of only single
Patient No. GFR
mi/mm
N 0
Uosm
mOsm/kg
N 0
Cosm
mi/rn in
N 0
Cosrn/GFR
x 100
N 0
T°H20
mI/mm
N 0
T°H20/GFR
x 100
N 0
1
2
3b
4
5
60
7
8
9
10
58 23
65 29
58 50
49 23
60 11
50 8
67 18
43 25
95 25
52 30
560 320
548 285
909 385
460 450
537 441
419 379
484 351
509 356
544 488
484 212
4.7 1.8
2.6 0.8
1.0 0.4
5.7 2.6
3.0 1.0
11.0 1.3
8.2 2.3
3.3 2.9
4.6 1.0
3.4 1.3
8.0 7.8
4.0 2.7
2.0 0.8
12.0 11.0
5.0 9.0
22.0 16.0
12.0 13.0
7.6 12.0
4.8 4.0
6.5 4.3
2.1 0.4
1.3 0.2
0.7 0.1
2.4 1.1
1.4 0.4
4.0 0.3
3.5 0.5
1.4 0.5
2.1 0.4
1.4
—(0.5)
6 3
2 0.6
1.2 0.2
5 4
2 4
8 37
5 3.0
3 2.0
2 1.6
2.7 (1.7)
Mean 60 24 545 367 4.8 1.5 8.4 8.1 2.0 0.3 3 2
N=l0 N=l0 N=10 N=10 N=10 N=l0
F value P=0.0002 P—0.003 P0.003 P0.36 F0.0003 F=0.02
a ADH = antidiuretic hormone, N =normal, 0 =obstructed.b GFR Cor and before mannitol given.
GFR= C00.
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0.1 g/kg of NH4C1 was given in the evening and the
urine was collected under oil for the next eight hours.
This urine was analyzed for pH, Pco2, Hco3, titrat-
able acid and ammonium. Arterial blood was obtained
at the conclusion of the collection period and analyzed
forpH.
Para-aminohippurate was determined by the method
of Smith et al [19]. Urinary acidification was tested by
the method of Wrong and Davies [20]. Inulin was de-
termined by the method of Heyrousky [21]. Osmolali-
ties were determined on an osmometer (Advance),
sodium and potassium on a flame photometer (Instru-
ment Laboratory).
All clearances were calculated in the conventional
fashion. Hydrogen ion clearance (CH +) was calculated
as UHXU/Pa+ x106, where UH=UNH4+UTa
UHc03, and P + is a direct derivation from plasma pH.
When factored by GFR, the quotient C+/GFR is
multiplied by 100.
In an additional 20 patients who had pyeloplasties
during the previous ten years, urine flow rates from the
normal and the previously obstructed kidneys were
compared over the first four postoperative days to de-
termine if there was a postobstructive diuresis.
The data was analyzed by use of the paired t test.
Results
Clinical information concerning patients. Table 1
presents the clinical information about the ten patients.
The patient population was heterogeneous, with the
UNSY
Eq/min
N 0
UNV/GFR
N 0
%Na
rejected
N 0
366 152
40 41
30 8
467 186
210 73
513 54
931 219
245 240
385 88
272 115
6.3 6.6
0.6 1.4
0.5 0.2
9.5 8.0
3.6 6.6
10.0 6.7
14.0 12.0
5.7 9.6
4.0 3.5
5.2 3.8
4.6 4.8
0.5 1.1
0.4 0.2
7.0 6.0
2.7 5.0
7.5 5.0
9.6 8.3
4.0 7.0
2.8 2.5
4.0 2.9
346 118 5.9 5.8 4.3 4.3
N=10 N=10 N=10
P=0.01 P=0.44 P=0.48
Cosm /GFR
Fig. 1. Negative free water clearances divided by glomerularfiltra-
tion rates is plotted vs. osmolar clearance divided by glomerular
filtration rate. The data were collected during the administration
of ADH and mannitol. The data show a good fit to the regression
lines, and they show a significant difference in the slope of the re-
gression lines of the normal and hydronephrotic kidneys. Thus,
the impairment in concentrating ability of the hydronephrosis is
not caused by an osmotic diuresis.
ages varying from 7 to 38 yr. Eight of the patients had
obstruction at the ureteropelvic junction which was
thought to be congenital in origin. The other two
patients had obstruction of one ureter. It was impos-
sible to determine clinically the duration of obstruction
or to quantify the degree of obstruction to urine flow.
The duration of symptoms varied from two days to
three years. All the patients were selected for study be-
cause the i.v. urograms showed at least a moderate
degree of caliectasis. The heterogeneity of degree of in-
jury caused a wide spectrum of functional changes. In
addition, for some function studies a single collection
period was used, while for other functions the mean of
three or four collection periods accounted for addi-
tional variation in the data.
Response to infusion of antidiuretic hormone. Table 2
presents the data in ten patients from the single clear-
ance period that had the maximum urinary concentra-
tion during the infusion of antidiuretic hormone.
Every patient exhibited impaired urinary concentrating
ability in the previously obstructed kidney. Mean urin-
ary osmolality, absolute osmolar clearance and absolute
and fractional TCH2O were all significantly less on the
injured side. However, fractional osmolar clearance
(Cosm/GFR) was not significantly different between
the two kidneys. A significant true concentrating de-
fect is shown in Fig. 1 with a reduced T°H20/GFR on
the postobstructive side at levels of solute excretion
comparable to those on the normal side. The slopes of
the regression lines between the normal and hydro-
nephrotic kidney were found to be statistically different
(P<0.0l) with a good fit of each regression line.
Open symbols, normalo Ilydro slopeClosed symbols, hydro • 0.329 0.0290.06
Normal slope
O.O4o.229+ool3:0
0
F-
0.02
0
—0.02
—0.04
—( flf
S
Line
.
Normal
Hydra
• Slopes
Normal
I I I I I
Regression lines
r (N) P
0.70 (23) <0.01
0.49(21) <0.05
<1-lydro, P <0.01
0.02 0.04 0,06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
clearance during maximal osmolality)°
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Table 3. Summary of renal function studies on patients with unilateral hydronephrosis (maximal dilution clearance) during water diuresis after
DOCA administration
Patient No. GFR Uosm CH2O CH2O/GFR U UNV UNOV/GFR % Na
mi/mm mOsm/kg mi/mm mEq/iiter ,iEq/min rejected
N 0 N 0 N 0 N 0 N 0 N 0 N 0 N 0
1 680 300 102 165 4.5 1.0 0.07 0.03 14 29 95 68 1.4 2.3 0.9 1.6
2 69 42 94 85 8.9 6.7 0.13 0.16 32b 40b 30 13 0.42 0.54 0.3 0.4
3 48 280 217 165 0.5 0.5 0.01 0.02 14 40 71 128 1.5 4.6 0.1 3.5
4 380 210 53 55 6.5 3.3 0.2 0.16 18 15 147 64 3.9 3.1 0.3 2.3
5 65 250 83 99 4.1 1.3 0.06 0.05 13 17 76 34 1.2 1.4 0.9 1.0
6 36b 44b 60 86 20 16 0.6 2.0 0.4 1.6
7 43o 440 76 91 5.4 1.4 0.13 0.31 18 20 133 42 3.1 9.5 2.2 0.7
8 8a 390 81 35 84 51 1.2 1.3 0.1 0.1
9 840 210 56 50 50 18 0.6 0.8 0.5 0.6
10 38 21 87 165 1.4 0.8 0.04 0,04 14 45 30 99 0.8 4.7 0.6 3.5
Mean 56 24 102 120 4.47 2.14 0.09 0.11 32.0 37.7 73.6 53.3 1.47 3.02 1.08 2.25
SEM 5.4 4.0 16.8 14.6 0.91 0.7 0.02 0.03 7.8 6.6 13.6 11.9 0.4 0.9 0.27 0.63
P value P=0.000l P=0.32 Po=0.003 P0.27 P0.27 P0,l2 P0.03 P0.03
N= normal, 0= obstructed.
0 Cr0.
b Twenty-four.hr urine specimen 48 hr after administration of DOCA i.m., GFR= Cçr.
Response to water loading. Studies in seven patients present before the inulin had equilibrated. With correc-
investigated during water diuresis are shown in Table 3. tion for the significant difference in GFR between the
The clearance period with a minimum urinary osmo- two kidneys, the fractional free water clearance
lality from the normal kidney was selected for this (CH2O/GFR) between the two kidneys was not signifi-
table. In five of seven patients, the endogenous creati- cantly different.
nine clearance has been used to calculate GFR because Under these conditions, he mean fractional sodium
the minimum urinary osmolality demonstrated was excretion (UNaV/GFR) in ten patients was 3.02 0.90
Table 4. Summary of glomerular filtration and TmPAH (mean of three clearances) and phosphate clearance from an overnight urine
specimeno
Patient No. Age, yr GFR
mi/mm
N 0
TmPAH
ing/mmn
N 0
TmPAH/GFR
N 0
C00
mi/mm
N 0 N
TRP
%
0
1
2
3
4
5
6
7
8
9b
10
38
22
31
9
22
7
30
16
36
27
57
69
37
48
60
44
69
68
95
52
22
42
25
20
13
4.3
10
39
25
25
86 33
63 34
32 28
33 16
49 7.4
53 2.5
65 12
47 26
48 12
75 39
1.5 1.5
0.9 0.8
0.9 1.1
0.8 0.8
0.8 0.6
1.2 0.6
1.3 1.2
0.7 0.7
0.5 0.5
1.4 1.6
2.6 0.7
30 13
12.5 2.2
18.5 8.6
7.4 4.7
22 2,4
26 6.6
10 7
16 29
98
80
72
68
74
77
80
91
90
98
80
92
57
59
80
67
92
51
Mean 58 23 55 21 0.99 0.94 16.1 8.2 81.1 75.1
5.2 3.7 5.5 4 0.1 0.12 3 2.9 3.3 5.7
N=10 N=10 N=l0 N=9 N=9
P value P=0.000l P=0.0002 P=0.35 P=0.03 P=0.15
0 N= normal, 0 = obstructed.
b Radioactive inulin.
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from the injured kidney, a significantly higher value
(P=0.03) than the mean UNaV/GFR (1.47 0.40) from
the normal kidneys despite the pretreatment with
DOCA. However, because of the higher GFR in the
normal kidney, there was no difference in absolute
sodium excretion between the two kidneys.
Tubular maximum ofpara-aminohippurate (TmPA H).
Differences in TmPAH between normal and previously
obstructed kidneys were studied after antidiuretic hor-
mone infusion in seven patients and during water
diuresis in three (patients 1, 3 and 6). As shown in
Table 4, the mean TmPAH in the normal kidney
(55.0 5.5 mg/mm) was significantly higher (P=0.002)
than the mean TmPAH in the postobstructive kidney
(21.0 4.0 mg/mm). When related to the concurrent
impairment in GFR in the postobstructive kidney, its
TmPAH/GFR of 0.94± 12 was not different from
that of the normal side (0.99
Acidification. The response to ammonium chloride
loading in six patients is shown in Table 5. The hydro-
gen ion clearance of 0.37x106±0.l2ml/min in the
0,
0
'O
I
postobstructive kidneys was significantly less (P<
0.005) than the clearance in the normal kidneys (1.05
0.21 ml/min). Mean fractional hydrogen ion clear-
ance CH+/C0,. was similar in the two kidneys. The in-
jured kidney excreted significantly less titratable acid
(P =0.05) and NH4 (P 0.004) than the normal kidney.
However, there was again no difference in fractional
titratable acid or fractional ammonia excretion. All but
two of the postobstructive kidneys were able to lower
the pH of the excreted urine below 7.0, and one patient
exhibited a normal blood pH despite the ammonium
chloride load. The phosphate excretion studies (Table 4)
were done at the same time as the acidification experi-
ments. The phosphate clearance was higher in the nor-
mal kidney (P=O.03). Percent phosphate reabsorption
was similar in both kidneys.
Immediate postobstructive output. Fig. 2 shows the
relationship between the 24-hr urine excretion by the
normal kidney and the 24-hr urine excretion by the
obstructed kidney during the first four postoperative
days. Data were obtained from the ten patients who
are studied in detail herein (open circles) and from an
additional 20 patients (closed circles) who also had
unilateral ureteral-pelvic junction repair. Data were
available for analysis from 78 days of observation. It is
apparent that the majority of the values (53 of 78) fall
to the left of the line of identity indicating a greater
daily urinary excretion from the normal kidney as
opposed to the previously obstructed kidney. The
daily output between the two kidneys was identical on
day eight, and the previously obstructed kidney showed
a slightly higher output in only 17 instances. No pre-
viously obstructed kidney had a 24-hr urine output
which averaged greater than 2 ml/min.
Discussion
These studies in ten patients one week following the
correction of unilateral ureteropelvic junction obstruc-
tion with normal total renal function have revealed
altered nephron function which is not a result of con-
current volume expansion or azotemia. The previously
obstructed kidney of some patients was shown to have
decreased glomerular filtration, TmPAH, maximal
concentrating ability and acidifying ability while dilut-
ing ability and phosphate reabsorption were main-
tained. In addition, decreased fractional sodium re-
absorption was demonstrated in nine of ten patients
during water diuresis (following DOCA treatment).
All of our patients with unilateral renal obstruction
had impairment of glomerular filtration in the pre-
viously obstructed kidney. This has been a consistent
finding in all the clinical and experimental studies re-
ported [1—17, 22—37]. Investigations in experimental
0
0
.
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S . 0 0
0 0.5 1.0 1.5
Obstructed kidney output, mi/mm
Fig. 2. The urine flow of 30 patients during the first four days
after correction of a unilateral hydronephrosis is graphed by plot-
ting the normal vs. the previously obstructed kidney. The ten
patients studied in detail and presented in this paper are repre-
sented by open circles. The data show a lack of significant diuresis
from the previously obstructed kidneys.
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Table 5. Acidification studies from an overnight urine collectiona
Patient No. pH
Art
pH
N
Urine
0
GFR (Ce,,)
mi/mm
N 0
ji
N
UrAV
Eq/mm
0
UTAV/GFR
N 0
U4V
jiEq/min
N 0
UNH
N
4V/GFR
0
1
2
3
6
9
10
7.35
7.38
7.34
7.24
7.44
7.46
6.7
5.2
5.2
5.8
5.4
6,3
6.5
5.2
5.2
7.3
5.4
7.0
103 39
63 61
56 26
71 10
57 13
150 39
2.8
15
33
11.3
18
13,4
1.4
14
8
0,08
1.4
15.0
0.03
0.23
0.6
0.15
0.3
0.09
0.03
0.22
0.3
0.008
0.1
0.38
26 8.1
18 16
44 17
18 2
20 5.4
44 13.7
0.25
0.28
0.8
0.25
0.35
0.29
0.21
0.28
0.6
0.20
0.41
0.35
Mean 7.37 5.8 6,1 83.3 31.3 15.6 6.6 0.23 0.17 28.3 10.4 0.37 0.34
SEM 0.03 0.25 0.38 15.1 7.8 4.1 2.7 0,06 0.05 5.1 2.5 0.09 0.06
P value 0.13 0.009 0.045 0.25 0.0039 0.254
N=normal, 0= obstructed.
animals have revealed that chronic ureteral obstruc-
tion results in a proportionally greater decrease in GFR
in the juxtamedullary nephrons [13, 25—27], but no
change in the distribution of renal blood flow [26] or
peritubular capillary protein concentration [27]. No
changes in intratubular pressure were noted in chronic
obstruction [13]. With total acute obstruction, intra-
tubular pressures were supranormal prior to relief of
24 hr of total obstruction and subnormal in rats with
unilateral ureteral obstruction [25]. The mechanism
for the decrease in GFR with ureteral obstruction re-
mains unexplained.
Proximal tubular transport was evaluated by measur-
ing the secretion of PAH and the reabsorption of
phosphate. Impairment of TmPAH after ureteral ob-
struction has not been described previously in man.
Edvall [5] found that, "TmPAH was not primarily
affected by the obstruction." Olbrich [7] has shown a
decreased maximal tubular excretory capacity of dio-
done in elderly men with bilateral partial obstruction
when infection was present. The impairment of Tm-
PAH after ureteral obstruction would suggest an abso-
lute loss of functioning proximal tubular mass.
Bercovitch et a! [24] found a decrease in maximal tubu-
lar reabsorptive capacity of glucose in the postobstruc-
tive dog kidney, which was less marked than the fall in
glomerular filtration. The hypophosphaturia reported
after relief of ureteral obstruction by Better et al [9]
and Chaimovitz et al [37] was not observed in our
patients. TmPAH and phosphate excretion appear to
be diminished in proportion to the changes in GFR;
thus, the proximal tubular injury is proportional to the
GFR decrease.
Significant impairment of urine concentrating
ability with preservation of normal diluting ability has
been a consistent finding in all clinical [14—18] and ex-
perimental [10—13] studies after correction of chronic
obstructive uropathy. Our data during antidiuretic
hormone administration show, despite mannitol ad-
ministration, a significant decrease in Uosm, T°H20
and T°H20/GFR in the injured kidney (Table 2).
There is a significantly reduced TH2O/GFR on the
postobstructed side at levels of solute excretion com-
parable to those on the normal side, indicating a true
concentrating defect (Fig. 1). Fractional solute excre-
tion was not greater in the postobstructive kidneys and
therefore did not cause the concentrating defects. The
significant impairment of concentrating ability with
normal diluting ability suggests either disproportionate
destruction of the nephrons with long loops of Henle;
alterations of the medullary concentration gradient
due to circulatory changes; impairment of water diffu-
sion in the distal nephron because of scarring; or
dilation of the tubules with abnormal, surface-to-
volume ratios, increased tubular flow rates or redistri-
bution of GFR. Our data do not allow us to ascertain
the exact etiology of the concentrating defects in these
patients.
Impairment of urinary acidification in chronic hy-
dronephrosis has been previously, but not uniformly,
reported [1—4, 6, 9, 16]. Winberg found in children
with bilateral ureteral obstruction an inability to de-
crease normally their urinary pH. One of Winberg's
patients had decreased ammonia excretion [1] while in
another, the ammonia excretion was normal. Berlyne
[6] studied patients with bilateral ureteral obstruction
and found inability to lower urinary pH normally.
Four of five of his patienfs had decreased hydrogen ion
clearance, four of five had decreased ammonia excre-
tion and one of three patients had decreased titratable
acidity. Better et al [9] reported one patient with uni-
lateral obstruction whose abnormal kidney could not
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CH X 106
N 0
CH/Cer X 106
N 0
UHCOSV
,Eqfmin
N 0
U11co3
N
/GFR
0
0.57 0.11
0.79 0.72
1.7 0.6
0.52 0.005
1.1 0.18
1.6 0.6
0.55 0.43
1.2 1.2
3.1 2.1
0.7 0.05
1.8 1.3
1.0 1.5
3.2 2.0
1.8
0.28
2.7 8.3
0.03 0.05
0.18
0.02
0.21
1.05 0.37 1.39 1.1
0.21 0.12 0.39 0.30
0.0046 0.116
lower urine pH normally; titratable acidity and am-
monia excretion were low. Two of the seven patients
studied here had an inability to lower urinary pH
normally in the previously obstructed kidney, with de-
fects both in absolute ammonia and absolute titratable
acid excretion. Mean fractional ammonia and titrat-
able acid secretion was similar on the two sides indicat-
ing the injury to the acidification mechanism is
proportional to the glomerular damage.
In the studies done during infusion of mannitol,
saline and antidiuretic hormone (Table 2), there was
little difference in sodium excretion between the nor-
mal and abnormal kidneys. It is interesting that despite
their significantly greater fractional sodium excretion,
eight of the ten postobstructed kidneys excreted less
total sodium than the normal kidneys and none of the
injured kidneys excreted very large amounts of sodium.
Data obtained during water diuresis and under DOCA
stimulus showed that all but two patients had a greater
percentage of sodium rejected on the previously ob-
structed side. This suggests a defect in sodium reab-
sorption caused by the obstructive uropathy.
Although the described changes in renal function
appear to be the consequence of obstructive damage
and not due to systemic changes, the exact mechan-
isms of the nephron damage remain unclear. Micro-
puncture studies describing heterogeneity of nephron
function [13, 25—27], presence [38, 39] or absence [261
of blood flow redistribution and distal [13, 25, 26] or
both proximal and distal [27] defects in sodium re-
absorption have been carried out following relief of
acute (24 hr) ureteral obstruction and two- to four-
week partial unilateral ureteral ligation [13].
In contrast to the rather consistent pattern of
nephron damage seen in both animals and humans
following chronic obstruction, life-threatening massive
diuresis and natriuresis following relief of obstruction
is rare [14—16, 40]. Postobstructive diuresis after the
relief of partial or complete urinary tract obstruction
can be due to the physiologic excretion of retained
water [17], sodium [17] or urea [31—33]; osmotic
diuresis from the administration of glucose containing
i.v. administered fluids [34]; or pathologic sodium [31]
or water [16] loss from the kidney due to tubular
damage. In all previously described cases, the obstruc-
tive disease was either bilateral or the patient had a
solitary obstructed kidney.
Data from our patients show that unilateral partial
ureteral obstruction produces similar alterations of
glomerular and tubular function as seen in patients
with bilateral ureteral obstruction. Despite these de-
fects, none of our patients developed a significant
postobstructive diuresis. An explanation for the ab-
sence of a postobstructive diuresis in our patients is
difficult to postulate since the etiology for postobstruc-
tive diuresis is not known. One factor may be the
absence of volume expansion and azotemia in patients
with unilateral obstruction. Wilson [41] studied rats
with unilateral partial ureteral obstruction of two to
four weeks' duration and found results similar to those
in the patients. He found a significant postobstructive
diuresis when the animals were volume-expanded and
not when they were hydropenic. Micropuncture
studies showed a significant defect in water reabsorp-
tion in the distal nephron [41].
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